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Abstract 
 
Determining welfare status in a population is the first step in efforts to improve welfare. The 
primary objective of this study was to explore a new epidemiological approach for analysis of 
data from official competent authorities that pertain to compliance with animal welfare 
legislation. We reviewed data already routinely collected as part of Swedish official animal 
welfare inspections for 2010 to 2013, using a checklist containing 45 checkpoints (CPs). These 
covered animal-, resource- and management-based measures of equine welfare. The animal-
based CPs were measures that directly related to the animal and included social contact, body 
condition, hoof condition and cleanliness. Non-compliance with one or more of the animal-
based CPs was used as a binary outcome of poor equine welfare; 95% confidence intervals (CI) 
were estimated using the exact binomial distribution. Associations were determined using 
multivariable logistic regression, adjusting for clustering on premises. Resource- and 
management-based CPs (model inputs) were reduced by principal component analysis. Other 
input factors included premises characteristics (e.g. size, location) and inspection characteristics 
(e.g. type of inspection). There were 30 053 premises with horses from 21 counties registered 
by the Swedish Board of Agriculture. In total 13 321 inspections of premises were conducted 
at 28.4% (n=8 532) of all registered premises. For random inspections, the premises-prevalence 
of poor equine welfare was 9.5% (95% CI 7.5, 11.9). Factors associated with poor equine 
welfare were non-compliance with requirements for supervision, care or feeding of horses, 
facility design, personnel, stable hygiene, pasture and exercise area maintenance, as well as the 
owner not being notified of the inspection, a previous complaint or deficiency, spring compared 
to autumn, and not operating as a professional equine business. Horses at premises compliant 
with stabling and shelter requirements had significantly better welfare if they also complied 
with documentation requirements. We present a novel approach for analysis of equine welfare 
data from regulatory inspections by the official competent authorities, and propose on-going 
analyses and benchmarking of trends in animal-based measures over time. We also suggest how 
such a database could be further improved to facilitate future epidemiological analyses of risk 
factors associated with poor equine welfare. The study has implications for other competent 
authorities and researchers collaborating in the area of animal welfare epidemiology.  
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 Implications: This study illustrates that analysis of routinely collected data from official horse 
welfare inspections can give us insights into where efforts should be targeted to have the 
greatest impact in improving animal welfare. Specifically, our study suggests that targeting 
education strategies at personnel responsible for supervising, caring for, and feeding horses is 
likely to have the greatest impact on horse welfare. This is because deficiencies in these areas 
were most commonly associated with welfare problems related to hoof condition, body 
condition and cleanliness (e.g. presence of dried manure or sweat, that may lead to or have 
caused skin conditions, lesions or sores) of horses. The success of such an educational 
intervention strategy could then be assessed over time by benchmarking the prevalence of these 
animal-based measures.  
 
 
Introduction 
 
Although historically veterinary epidemiology has focused on the investigation of animal 
diseases in populations, it has broadened to include aspects aimed at reducing productivity 
losses and improving animal welfare (Pfeiffer, 2010). Veterinary epidemiology, applied to the 
field of animal welfare, can thus also be used to describe the frequency of animal welfare 
outcomes (animal-based measures) and the associations between those outcomes and various 
non-modifiable and modifiable inputs (e.g. resource- and management-based measures) 
(Willeberg, 1997; Green and Nicol, 2004; Millman et al., 2009). 
 
Assessment of animal welfare often involves recording a combination of resource-, 
management- and animal-based measures. Resource-based measures consist of observations of 
the animal’s environment and resources available (e.g. stable height, floor surface, bedding 
material), whereas management-based measures consist of management practices including 
whether sick and injured animals are treated appropriately, how often horses are exercised, and 
whether appropriate documentation is in place (e.g. passports, veterinary records) (EFSA Panel 
on Animal Health and Welfare (AHAW), 2012). Resource- and management-based measures 
have historically been used to assess welfare (Hubbard and Scott, 2011), but are now seen as 
more important for assessing the risk of poor welfare, whereas animal-based measures, i.e. 
those relating directly to the physical health, behaviour, and mental state of the animals,  are 
considered more direct indicators of animal welfare (EFSA Panel on Animal Health and 
Welfare (AHAW), 2012).  
 
Official inspectors are employed by the official competent authorities (in Sweden, these are the 
county administrative boards) to carry out inspections of farms and other premises that keep 
animals to check compliance with Swedish and European Union (EU) animal welfare 
legislation. Since 2009 data from these animal welfare inspections have been collected 
according to standardised species-specific checklists covering production animals, companion 
animals, and animals used for sports and entertainment. Inspections may be conducted for 
varying reasons, for example because of a high-risk animal activity, or a complaint about a 
potential animal welfare issue. One of the species-specific checklists concerns equine welfare.  
 
Although there is a lot of research on equine welfare, most epidemiological studies have 
focussed on factors associated with specific welfare problems e.g. stereotyped behaviour 
(McGreevy et al., 1995b; Bachmann et al., 2003; Sarrafchi and Blokhuis, 2013), internal 
parasites, dental problems, hoof defects (Christie et al., 2004), and body condition (Giles et al., 
2014; Geiger and Hovorka, 2015), using relatively small sample sizes. Equine welfare is 
important, particularly in Sweden because this country has the highest number of horses per 
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 capita in the EU, although Germany and Great Britain have the largest horse populations 
(Liljenstolpe, 2009). In 2010 it was estimated that there were 362 700 horses on approximately 
77 800 premises in Sweden (Swedish Board of Agriculture, 2011). As far as we know, there 
have been no previous epidemiological studies that have reported analyses of equine welfare in 
large populations using a database of routinely collected data. Thus, we employ an 
epidemiological approach to determine the premises-level prevalence of poor equine welfare in 
Sweden using information from regulatory inspections by official competent authorities in 
Sweden. Further, we identify resource- and management-based factors associated with non-
compliance with checkpoints (CPs) concerning animal-based measures (welfare outcomes).  
 
 
Methods 
 
Data sources 
Data from official animal welfare inspections at registered premises in all 21 counties of 
Sweden from 1 January 2010 to 31 December 2013 were provided by the Swedish Board of 
Agriculture (Jordbruksverket; JV). Premises are registered for animal welfare control if they 
have been visited previously (e.g. because of a complaint), because they keep four or more 
horses and conduct activities such as breeding, providing, selling or keeping horses, because 
they have obtained prior approval to build new stables, or because information about the type 
of premises was collected otherwise (Swedish Board of Agriculture, 2004). Three datasets, one 
containing information on the inspection sites (premises), one containing inspection 
information, and one containing the outcomes from assessment of each CP on the relevant 
species-specific checklist used by the authority at inspection, were provided separately for each 
county and were merged into one dataset. Data pertaining to compliance with legislative 
requirements for the keeping of horses were identified and extracted for further analysis. Data 
were recorded at the premises level, with some premises contributing data on multiple 
inspections. Data at the individual animal level were not recorded. 
 
Data on the human population (as of 31 December each year), land area (as of 1 January of the 
following year), and human population density by county were obtained from Statistics Sweden 
for the study years 2010 to 2013 (Statistics Sweden, 2014). The number of horses in each 
county, for the year 2010, were obtained from JV (Swedish Board of Agriculture, 2011).  
 
The species-specific checklists contain a series of statements or questions designed to assess 
compliance with Swedish and EU animal welfare legislation, we call these ‘checkpoints’ (CPs) 
and there were 45 CPs on the horse checklist. The original checklist was in Swedish and a 
translation is provided in the column ‘Description’ in Table 2. The horse checklist CPs 
concerned existence of a permit for commercial operation, and sufficiency of personnel (one 
CP each); daily maintenance, supervision, care, and physical state of the animals (hoof 
condition, body condition, animal cleanliness), social contact with conspecifics, permitted tack 
and equipment, sufficient lighting that allows for monitoring animals effectively, and 
acceptable routines for euthanasia (ten CPs); documentation (two CPs), freedom of movement 
indoors and outdoors (four CPs), buildings and accommodation (15 CPs), facility machinery 
(two CPs), feed and water (four CPs), veterinary care (two CPs), breeding (two CPs), and other 
(two CPs). In the horse checklist, each CP is numbered, and from here on in is referred to as 
CP-N, where N is the number specified in Table 2. A CP regarding the presence of horses not 
acceptable for human consumption (CP-2) was discontinued from 2011. A new CP added for 
2012 onwards included whether the requirements that apply to veterinary injections were met 
(CP-44). The outcome from assessment of each CP was recorded by the inspector as either 
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 compliant, non-compliant, no assessment carried out, or not applicable (not applicable for these 
premises or this inspection occasion). The original checklist and the guidelines inspectors 
followed in their assessments (Swedish Board of Agriculture, 2007) are available by contacting 
the corresponding author.  
 
Data editing and construction of variables 
The 45 CPs described above were categorised as animal-based (outcome), or resource- or 
management-based (input). Our definition of poor equine welfare for the purpose of this study 
was non-compliance with one or more of the animal-based CPs in the Swedish animal welfare 
legislation. The outcome from inspection for the four animal-based CPs concerning hoof 
condition, body condition, cleanliness and social contact (CP-7 to 9 and 11, respectively) were 
used as outcomes of animal welfare and coded as compliant (0) or non-compliant (1) with the 
CP. For animal-based CPs, a premises was non-compliant against the relevant CP if at least one 
horse was observed not to meet requirements. Animal-based CPs categorised as either not 
applicable or no assessment carried out were treated as missing and these inspections were 
excluded from each model. The two CPs with incomplete data for the entire study period (CP-
2, CP-44) were also excluded from analysis. An aggregate animal-based outcome was created 
and coded as compliant (0) if the inspection complied with all the CPs concerning animal-based 
measures that were assessed, and non-compliant (1) if the inspection did not comply with at 
least one of the animal-based CPs. The aggregate outcome was treated as missing only if all 
four contributing animal-based CPs were not assessed. For descriptive purposes, the percentage 
of non-compliance was calculated as the number of non-compliant inspections divided by the 
number of both compliant and non-compliant inspections, multiplied by 100. 
 
Data included information as to whether the inspection was refused by the premises owner, 
whether the inspection was announced prior to inspection, and the inspection type (reason for 
inspection). Inspection type was categorised into four groups: (1) normal inspections, that 
included normal risk-based inspections, whereby criteria were used to select premises based on 
risk determined by JV; normal random inspections, whereby premises were selected randomly; 
and normal directed inspections, whereby premises were selected for a specific project or 
campaign initiated by the official competent authorities, for example targeting a certain species; 
(2) complaint inspections, which were conducted as a result of complaint by e.g. the general 
public, a veterinarian, the police, or an animal welfare organisation, these may be unwarranted 
if non-compliance could not be verified; (3) monitoring inspections, including follow-up on 
deficiencies identified in previous normal or complaint inspections; and (4) application 
inspections, which were related for example to an application for a permit for a commercial 
operation or public exhibition, a full or enhanced cross-compliance inspection according to EU 
European Directives and Regulations, or another public inspection (not related to animal 
welfare) (Supplementary Table S1).  
 
The horse population density by county was calculated by dividing the number of horses by the 
land area in square kilometres. We calculated the total number of animal species and the number 
and types of different animal-related activities registered to each horse premises. Inspections 
that indicated that the activity being undertaken was an event (e.g. horse competition) were 
excluded because they represented unique inspections occurring on the same day (n=65 
observations). All other activities conducted in association with horse keeping are listed in 
Supplementary Table S2. Premises that were recorded as holding a permit under §16 of the 
Swedish Animal Welfare Act (1988: 534), for “an operating permit required by any person 
who, on a professional basis or on a substantial scale: 1. keeps, breeds, supplies or sells pet 
animals or receives pet animals for boarding or feeding; 2. keeps, breeds, supplies or sells horses 
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 or receives horses for boarding or feeding or uses horses in a riding school business; or 3. breeds 
fur animals” [13, 14] were categorised as a ‘professional establishment’. 
 
To reduce the (correlated) resource- and management-based CPs to a group of key composite 
variables, we conducted a latent class analysis by obtaining pairwise tetrachoric correlation 
estimates of the binary CP compliance data (Edwards and Edwards, 1984). The correlation 
matrix was then used to perform a principal component analysis (PCA) of the binary variables 
(StataCorp, 2013). Twenty-eight resource- and management-based CPs were identified and 
included in the PCA. CPs not included in the PCA were the animal-based CPs used as outcome 
variables (CP-7 to 9, 11), documentation (CP-1, 13), new permits (CP-42), or breeding (CP-39 
to 41) where the majority of inspections were not applicable or no assessment was carried out, 
and those with incomplete records (CP-2, 43 to 45) or with less than 10 occurrences of non-
compliance (CP-24, 37, 38). The scree test, Kaiser criterion and proportion of variance were 
used to determine the number of meaningful principal components. The first seven components 
with eigenvalues greater than one were scrutinised, but only three components, each accounting 
for more than 7% of the total variance, were retained. Component 1 – stabling and shelter 
(41.7%), component 2 – supervision, care or feeding of horses (11.4%), and component 3 – 
design of facilities (7.9%) together accounted for 61.0% of the overall variance. We performed 
a varimax orthogonal rotation to maximise the sum of variances of the squared loadings within 
factors (Kaiser, 1958). Absolute value loadings greater than 0.30 were considered for inclusion 
in the component. If a factor loaded on to more than one component, that factor was excluded 
from the interpretation. Refer to Supplementary Table S3 for the full PCA results. 
 
A new binary variable was created for breeding (CP-39 to 41), documentation (CP-1, 13) and 
each principal component, coded as compliant (0) if the inspection complied with all CPs that 
were inspected within the component or non-compliant (1) if the inspection did not comply 
with at least one of the CPs within the component. The component was treated as missing if all 
CPs loading under that component were not assessed. Consequently, there was a large 
proportion of missing data for the aggregated variables – breeding (30.6% missing), 
documentation (57.8%), component 1 (21.2%), component 2 (11.9%) and component 3 
(21.1%).  
 
Statistical analysis 
Results from normal random inspections were used to assess prevalence. Premises-prevalence 
and 95% confidence intervals (CI) were estimated using the exact binomial distribution.  
 
To investigate associations between the animal-based measures, we generated pairwise 
tetrachoric correlation coefficients for binary variables. We used the latent variable method for 
calculating the intra-class correlation coefficients (ICCs) of potential random-effects in a 
multilevel intercept-only model of the aggregate animal-based outcome, assuming a binomial 
distribution (Snijders and Bosker, 1999). Multilevel models with random effects for premises, 
inspector, and county were tested, but did not converge. In contrast, models adjusting for 
clustering on premises only were found to converge without problem and were therefore used. 
 
Univariable logistic regression was used to relate the animal-based outcomes with resource- 
and management-based CPs and composite measures (documentation, breeding and 
components 1-3), inspection factors (inspection type, refusal of inspection, no notification of 
inspection, year, season, and whether there had been amendments to the checklist) and premises 
factors (location, human population density, horse population size (number of horses) of the 
county, horse population density of the county, number of horses registered at the premises, 
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 number of animal species, number of activities on the premises, and presence of specific 
activities) (Supplementary Table S2). To estimate the trend for either an increase or decrease 
in animal-based compliance across the study period, a linear term for year of inspection was 
used. Odds ratios (OR) and their 95% CIs, adjusting for clustering on premises, were calculated.  
 
The risk factors from univariable analyses with p<0.2 were entered into a multivariable model 
and retained in the model if they were statistically significant (p≤0.05), or if they modified the 
coefficients of other covariates by more than 10% (indicating confounding), using a backward 
stepwise elimination approach. Already eliminated variables were tested one by one for re-entry 
into the model following completion of backward stepwise elimination. Five models were 
generated; one for each of the four animal-based CPs, and one for the aggregate animal-based 
outcome. Two-way interactions between main effects that were significant in multivariable 
analysis were assessed and retained if statistically significant (p≤0.05). Model diagnostics 
performed on the final models included the Hosmer-Lemeshow's goodness-of-fit test, the link 
test to identify model specification error, and examinations of tolerance (>0.1) and variance 
inflation factor (VIF<10) to assess collinearity within the model. All statistical analyses were 
conducted using Stata, version 13.1 (StataCorp, College Station, Texas, USA). 
 
 
Results 
 
Premises and inspection characteristics 
There were 30 053 premises with horses from 21 counties registered in the national animal 
welfare control database, accounting for 38.6% (30 053/77 800) of all estimated premises with 
horses in Sweden. A total of 13 321 horse checklist inspections were conducted by official 
animal welfare inspectors (n=330 inspectors) at 28.4% (n=8 532) of these registered premises 
during the study period.  
 
Descriptors of all inspection types are presented in Table 1. The most frequently reported 
activities at horse premises were keeping horses for leisure purposes (n=5 900), professional 
horse establishment (n=2 152), meat production of other species (n=1 687), and keeping pets 
(n=1 349), the latter two of which may or may not be related to the activities involving horses. 
Normal, random inspections constituted 6.1% (809/13 321) of all inspections, and were 
performed at 9.2% (787/8 532) of inspected premises. Additional information, in free-text 
format, available on the specifics of the activity was not adequate for analysis (only available 
for 12.4 % or 1 657/13 321 of inspections). 
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Table 1. Descriptors of the horse premises characteristics, stratified by type of inspection, based on official animal welfare inspections of horse premises 
conducted in Sweden, 2010-2013  
 Normal inspection  Complaint inspection  Monitoring inspection  Application inspection Totalb 
 
Directed Risk Random  Unwarranted 
Veterinarian, 
general public, 
other 
 Previous normal 
Previous  
complaint 
 
Permita Full cross- compliance 
 
Inspections (n) 1 119 937 809  2 242 2 916  1 064 1 935  2 096 192 13 321 
Premises (n) 997 899 787  1 964 2 467  841 1 221  1 931 191 8 532 
Inspections per premises 
median (IQR) 
1 (1-2) 1 (1-2) 1 (1-1)  1 (1-2) 2 (1-3)  2 (2-3) 2 (2-4)  1 (1-2) 1 (1-1) 1 (1-2) 
Horses per premises c 
median (IQR) 
4 (2-10) 4 (2-7) 3 (2-6)  3 (2-7) 3 (2-7)  5 (2-11) 4 (2-8)  11 (6-19) 4 (2-10) 4 (2-8) 
Species per premises 
median (IQR) 
1 (1-2) 1 (1-2) 1 (1-2)  1 (1-2) 1 (1-2)  1 (1-2) 1 (1-3)  1 (1-1) 2 (1-3) 1 (1-2) 
Activities per premisesd 
median (IQR) 
1 (1-2) 1 (1-2) 1 (1-2)  1 (1-2) 1 (1-2)  1 (1-2) 1 (1-2)  1 (1-2) 2 (1-2) 1 (1-2) 
a New, or compliance with an operating permit under §16 of the Animal Welfare Act for continuous variables, the median and interquartile range (IQR) are presented. b Total 
includes inspection types that have not been detailed here – normal applications for public exhibition (n=5), normal application for other public inspection (n=5), and enhanced 
inspection for production animals (n=1). c Of the inspected premises, 4 421 premises had information on the number of horses kept.   
d number of animal-related activities conducted, not necessarily associated with the keeping of horses.
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Non-compliance 
Table 2 presents percentage non-compliance for all inspection types at all inspections (i.e. 
inclusive of multiple inspection results at some premises) and here we report premises non-
compliance (i.e. where multiple inspections at a premises are collapsed, and the premises is 
classified as non-compliant if it was observed as such at least once during the study period). 
There were 1,953 (22.9%) premises non-compliant with at least one of the animal-based CPs 
over the study period, but for normal random inspections only this figure was 9.5% (68/713; 
95% CI 7.5, 11.9). Of all premises, 1 443 (16.9%) were assessed as having poor equine welfare, 
as indicated by the aggregate animal-based outcome, at one inspection, 302 premises (3.5%) at 
two inspections, and 208 premises (2.4%) at three or more inspections over the 4-year study 
period. For premises that had at least one normal random inspection over the four years, 5.1% 
(35/689; 95% CI 3.6, 7.0) did not comply with requirements for hoof condition, 3.0% (21/692; 
95% CI 1.9, 4.6) for body condition, 2.4% (17/706; 95% CI 1.4, 3.8) for social contact and 
0.3% (2/689; 95% CI 0.03, 1.0) for cleanliness, on these random inspections. 
 
For normal random inspections of premises, there were no significant trends for either 
increasing or decreasing animal-based compliance across the study years (social contact, P = 
0.10; body condition, P = 0.90; hoof condition, P = 0.40; cleanliness, p-value unobtainable). 
When all inspection types were considered, there was a significant increase in non-compliance 
with body condition (P = 0.01), and a significant decrease in non-compliance with social contact 
(P = 0.01) and hoof condition (P = 0.02) across years, but these trends did not remain in 
multivariable analysis. Non-compliance with cleanliness did not differ over the study years (P 
= 0.70).  
 
Models of animal-based measures 
Hoof condition, body condition, and cleanliness correlated strongly with each other (rho=0.46–
0.47, p<0.001), but only weakly with social contact (rho=0.12–0.21, p<0.001). In intercept-
only multi-level models, the ICC was highest for premises (ICC 0.45; 95% 0.41, 0.50), followed 
by inspector (ICC 0.12; 95% CI 0.09, 0.15), and county (ICC 0.04; 95% CI 0.02, 0.07). 
 
Supplementary Table S2 presents univariable results and Table 3 multivariable results for 
associations of animal-based non-compliance with resource- and management-based, 
inspection and premises factors, adjusted for clustering on premises. All multivariable models, 
with the exception of the model for poor social contact, had significant interaction effects 
(Figure 1). 
 
In the multivariable analysis the odds of poor equine welfare, as indicated by the aggregate 
animal-based outcome, were significantly higher at inspections where non-compliance was 
found with requirements for supervision, care or feeding of horses (component 2), or design of 
facilities (component 3) than at inspections without such non-compliances. The association with 
requirements for passports or veterinary records (documentation) differed by stabling and 
shelter (component 1), in that horses at premises compliant with stabling and shelter 
requirements had lower odds of poor equine welfare if the premises also complied with 
requirements for documentation (Figure 1d). CPs associated with poor equine welfare included 
non-compliance with a sufficiently knowledgeable workforce (CP-3, personnel), cleanliness 
and hygiene of the stables (CP-31, stable hygiene), and maintaining safe pasture and exercise 
areas (CP-35, pasture). 
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Table 2. Outcome of official animal welfare inspections of horse premises in Sweden, 2010-2013 
   Inspection outcome (number of inspections)   
Check- 
point 
Variable Description Not 
applicable 
No 
assessed 
Compliant Non-compliant Total 
inspections 
% non-compliant 
inspectionsa 
1 passport All horses have horse passports. 156 7 988 4 105 1 072 13  321 20.7 
2 foodchain In the horse passport, it must 
indicate whether the horse is 
excluded from the food chain. 
1 988 250 79 1 318 24.0 
3 personnel The workforce is sufficient and 
has the appropriate skills, 
knowledge and professional 
competence. 
158 3 417 9 147 599 13 321 6.2 
 
4 maintenance Daily inspections of horses are 
carried out. 
122 2 373 10 616 210 13 321 1.9 
5 supervision The requirement of additional 
supervision, particularly of sick 
and injured horses, is fulfilled. 
1 215 5 790 6 211 105 13 321 1.7 
6 automatedsystem Daily inspections of automated 
systems and devices are 
completed. 
3 937 5 445 3 918 21 13 321 0.5 
7 hoofcondition The hooves are regularly 
inspected and trimmed if 
necessary. 
141 2 559 9 187 1 434 13 321 13.5 
8 bodycondition Horse’s body condition is 
acceptable (i.e. neither under or 
overweight). 
135 1 727 10 133 1 326 13 321 11.6 
9 cleanliness The horses are kept satisfactorily 
clean (e.g. absence of dried 
manure or sweat, lesions or 
sores). 
136 1 902 10 995 288 13 321 2.6 
10 electricshock The ban on equipment that gives 
the animal an electric shock is 
met. 
496 5 839 6 936 50 13 321 0.7 
11 socialcontact Horses need for social contact is 
met. 
118 1 420 11 081 577 13 196 4.9 
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12 sickanimals Sick and injured animals treated 
appropriately. Animals that need 
special care can be placed in a 
designated area. 
721 4 786 7 020 794 13 321 10.2 
13 vetrecords There are records for at least 5 
years of animals treated with 
prescription drugs and the 
number of deaths in the herd. 
641 10 335 2 190 155 13 321 6.6 
14 space Space for horses complies with 
current measurement regulations. 
489 4 496 7 305 1 031 13 321 12.4 
15 ceilingheight Ceiling height where horses are 
kept or temporarily tied up is 1.5 
x withers, however not less than 
2.2 m. 
559 4 512 6 771 1 479 13 321 17.9 
16 tethering The requirements around the 
tethering of horses are met. 
2 872 5 324 4 893 232 13 321 4.5 
17 harmfulobjects Objects or substances that can 
harm the horses kept out of reach 
of animals. 
201 3 784 7 903 1 433 13 321 15.4 
18 interiordesign The requirements for the design 
of the interior of facilities 
regarding injury risks, etc. are 
met. 
485 3 723 5 882 3 231 13 321 35.5 
19 floorsurface Floor and ground surfaces have a 
smooth, non-slip surface. 
541 4 315 8 144 321 13 321 3.8 
20 equipment The horse's equipment is kept 
clean and well maintained. 
407 9 073 3 773 68 13 321 1.8 
21 shelter In farms where horses are kept in 
the cold season, all horses are 
simultaneously given shelter 
space. 
1 351 3 735 7 743 492 13 321 6.0 
22 emergency The requirements of fire 
protection and emergency 
response during outages are met. 
619 8 064 4 426 212 13 321 4.6 
23 airquality The premises has acceptable air 
quality and a stable climate. 
890 4 793 6 732 906 13 321 11.9 
24 ventilation Mechanically ventilated barns 
have emergency ventilation. 
6 462 5 010 1 842 7 13 321 0.4 
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25 lighting Lighting is such that inspection of 
horses can always be done 
without difficulty. 
537 4 624 8 054 106 13 321 1.3 
26 naturallight The requirement for natural light 
/ lighting is met. 
676 4 000 8 436 209 13 321 2.4 
27 noiselevels Noise in the stables acceptable 
level and frequency.  
1 227 5 409 6 662 23 13 321 0.3 
28 feedwatersystem Feeding and water systems are 
designed, sized and positioned to 
permit a peaceful and natural 
intake of feed and water. 
228 3 986 8 885 222 13 321 2.4 
 
29 qualityfeed The animals are given good 
quality feed that ensure an 
adequate, comprehensive and 
balanced nutrition. 
140 3 596 8 892 693 13 321 7.2 
 
30 qualitywater The requirements for water 
supply and water quality are met. 
118 3 386 9 421 396 13 321 4.0 
31 stablehygiene Stables are cleaned and mucked 
out in a way that provides a good 
hygiene and good animal health. 
735 4 066 7 748 772 13 321 9.1 
32 beddingarea Resting area is kept clean and 
dry, and are adapted to the target 
species and stable climate. 
645 3 781 7 769 1 126 13 321 12.7 
33 beddingquality The requirements for bedding 
quality and the use of bedding for 
the resting areas are met. 
737 4 074 7 391 1 119 13 321 13.2 
34 exercise The requirements regarding the 
horses exercise and turnout are 
met. 
163 2 236 10 389 533 13 321 4.9 
35 pasture The requirements for pasture, 
exercise areas, ground surfaces, 
herding routes, movement and 
fencing are met. 
169 2 966 8 400 1 786 13 321 17.5 
36 outdoors The requirements for maintaining 
animals outdoors are met. 
5 798 3 054 3 472 997 13 321 22.3 
37 medications Hormones and other substances 
used only in authorised ways. 
2 110 8 543 2 665 3 13 321 0.1 
38 surgery Surgery is performed in an 
acceptable manner. 
1 238 8 159 3 921 3 13 321 0.1 
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39 breeding Breeding and foaling 
requirements for difficult births 
or other suffering met. 
6 653 5 003 1 647 18 13 321 1.1 
 
40 foalingarea The requirements surrounding 
areas for foaling are met. 
6 579 4 832 1 880 30 13 321 1.6 
41 weaning The requirements regarding 
weaning of foals are met. 
6 925 4 883 1 506 7 13 321 0.5 
42 permit New, or compliance with permit 
under §16 of the Animal Welfare 
Act, for breeding, sale etc. 
7 364 1 932 2 133 1 892 13 321 47.0 
43 euthanisation Killing of horses is done by 
qualified persons in accordance 
with the regulations. 
561 3 996 2 116 3 109 9 782 59.5 
44 injections Requirements that apply to giving 
injections are met. 
790 4 292 1 391 4 6 477 0.3 
45 otherdeficiency No other deficiencies found 
during inspection. 
-  -  6 406 3 376 9 782 34.5 
Total   66 246 198 216 276 387 32 546 573 395 10.5 
a Calculated as: number of non-compliant inspections/(number of compliant + non-compliant inspections) x 100. 
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Table 3. Results of multivariable logistic regression models of factors associated with non-compliance with five animal-based outcomes, adjusted for clustering 
on premises, based on official animal welfare inspections of horse premises in Sweden, 2010-2013 
Variable 
Hoof condition 
N=4 188 
 Body condition 
N=4 412 
 Cleanliness 
N=7 877 
 Social contact 
N=5 259 
 Aggregate 
N=4 068 
 OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value 
Resource- and management-based factors 
Documentation 2.10 (1.49, 2.94) <0.001  -   -   -   -  
Components from PCA               
Comp. 1, Stabling and 
shelter  -   -   -   -   -  
Comp. 2, Supervision, 
care, feeding 3.42 (2.24, 5.22) <0.001  15.01 (10.34, 21.80) <0.001  4.98 (3.45, 7.21) <0.001  -   7.30 (4.89, 10.90) <0.001 
Comp. 3, Facility design -   1.43 (1.01, 2.04) 0.047  -   -   1.35 (1.02, 1.80) 0.036 
Individual checkpoints*               
Personnel (CP-3) 3.12 (1.68, 5.79) <0.001  -   -   -   2.83 (1.39, 5.75) 0.004 
Stable hygiene (CP-31) -   -   4.11 (2.61, 6.46) <0.001  -   2.79 (1.61, 4.84) <0.001 
Exercise (CP-34) -   2.30 (1.29, 4.09) 0.005  2.94 (1.85, 4.68) <0.001  4.49 (2.50, 8.08) <0.001  -  
Pasture (CP-35) 2.41 (1.66, 3.49) <0.001  -   -   1.73 (1.21, 2.46) 0.003  2.02 (1.41, 2.89) <0.001 
Inspection factors               
Inspection type               
normal -   Ref   Ref   Ref   Ref  
complaint -   4.25 (2.64, 6.84) <0.001  -   2.10 (1.42, 3.13) <0.001  3.04 (2.21, 4.18) <0.001 
monitoring -   4.80 (2.87, 8.03) <0.001  -   1.35 (0.80, 2.29) 0.262  2.79 (1.91, 4.09) <0.001 
application -   0.71 (0.40, 1.27) 0.252      -   0.63 (0.23, 1.68) 0.356      0.59 (0.38, 0.91) 0.016 
Not notified of inspection -   -   -   1.52 (1.02, 2.28) 0.041  1.34 (1.00, 1.78) 0.050      
Season               
autumn Ref   Ref   Ref   -   Ref  
winter 1.43 (0.90, 2.27) 0.132  0.56 (0.34, 0.90) 0.017  1.70 (1.05, 2.75) 0.032  -   1.14 (0.78, 1.65) 0.497 
spring 1.45 (0.92, 2.29) 0.107  1.09 (0.70, 1.69) 0.709  1.72 (1.08, 2.76) 0.024  -   1.60 (1.15, 2.24) 0.006 
summer 2.47 (1.53, 4.01) <0.001  0.99 (0.58, 1.69) 0.980      0.57 (0.25, 1.34) 0.200      -   1.44 (0.95, 2.18) 0.086 
Premises factors               
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Variable 
Hoof condition 
N=4 188 
 Body condition 
N=4 412 
 Cleanliness 
N=7 877 
 Social contact 
N=5 259 
 Aggregate 
N=4 068 
 OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value 
Number of horses on 
premises -   -   -   0.70 (0.56, 0.87) 0.001  -  
Number of activities 1.23 (1.01, 1.51) 0.044  -   -   0.79 (0.62, 1.00) 0.053  -  
Professional establishment 0.42 (0.25, 0.68) 0.001  -   -   -   0.44 (0.31, 0.64) <0.001 
Interactions               
Inspection type and stabling and shelter 
Compliant with stabling and shelter              
Normal  Ref   -   Ref   -   -  
Complaint  3.36 (2.12, 5.34) <0.001  -   4.57 (1.71, 12.19) 0.002  -   -  
Monitoring  2.15 (1.21, 3.82) 0.009  -   3.67 (1.25, 10.84) 0.018  -   -  
Application  0.47 (0.22, 0.97) 0.040  -   0.49 (0.09, 2.53) 0.394  -   -  
Non-compliant with stabling and shelter              
Normal 5.28 (2.75, 10.15) <0.001  -   8.50 (2.77, 26.03) <0.001  -   -  
Complaint 4.98 (2.65, 9.38) <0.001  -   8.18 (3.01, 22.23) <0.001  -   -  
Monitoring 3.18 (1.40, 7.25) 0.006  -   12.27 (4.40, 34.20) <0.001  -   -  
Application 1.16 (0.36, 3.71) 0.808  -   6.28 (1.76, 22.41) 0.005  -   -  
Documentation and stabling and shelter 
Compliant with stabling and shelter              
Compliant with 
Documentation 
-   Ref   -   -   Ref  
Non-compliant with 
documentation 
-   3.22 (2.13, 4.89) <0.001  -   -   3.09 (2.27, 4.20) <0.001 
Non-compliant with stabling and shelter              
Compliant with 
Documentation 
-   3.33 (1.91, 5.79) <0.001  -   -   2.43 (1.52, 3.88) <0.001 
Non-compliant with 
Documentation 
-   3.77 (2.19, 6.48) <0.001  -   -   2.78 (1.61, 4.79) <0.001 
Note: OR = odds ratio; CI = confidence interval; interactions are presented in Figure 1. * CPs that did not load on a component in the PCA. 
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Inspections due to a complaint or motivated by follow-up on previously identified deficiencies 
were more likely to record poor equine welfare, as indicated by the aggregate outcome, at the 
premise, while application inspections had lower odds, compared to normal inspections. At 
inspections that had been notified beforehand, the premises were more likely to comply with 
all animal-based CPs than were those premises without prior notification. There was a higher 
likelihood of observing poor equine welfare in spring compared to autumn, and a lower 
likelihood at premises that were classified as professional establishments. 
 
There were minor differences between the four singular welfare models and the aggregate 
model. Non-compliance with CP-34 (exercise and turnout of horses) was associated with poor 
body condition, cleanliness and social contact, but not hoof condition. Inspections on premises 
where there were fewer horses and fewer animal-related activities had a higher likelihood of 
poor social contact. Poor hoof condition was more common at premises that conducted a higher 
number of animal-related activities. Similar to the interaction observed in the aggregate model, 
a lower likelihood of poor body condition was seen at inspections compliant for both 
documentation and stabling and shelter requirements (Figure 1a). Significant differences in the 
odds of poor hoof condition or poor horse cleanliness by inspection type were only observed at 
inspections that complied with requirements for stabling and shelter (Figure 1b, 1c).  
 
 
Discussion 
 
In this paper we describe the first epidemiological analysis of equine welfare data from a 
national animal welfare control database. We also present a novel approach to assess the risk 
of poor equine welfare based on outcomes from past animal welfare inspections. The premises-
level prevalence of non-compliance for normal random inspections was between 0.3 and 5.1% 
for the four animal-based CPs, which is comparable to the percentage of similar owner-reported 
welfare problems in the 2005 NAHMS study in the United States (1.0 to 5.4%)(United States 
Department of Agriculture (USDA), 2006). However, the measures of equine welfare in this 
Swedish study (hoof condition, body condition, social contact and cleanliness) do not cover all 
aspects of poor welfare; thus the overall prevalence of almost 10% of premises with poor equine 
welfare may be an underestimation. Both our Swedish study and the US (NAHMS study) report 
premises prevalence, where most other studies estimate prevalence at the horse level 
(McGreevy et al., 1995a; Luescher et al., 1998; Bachmann et al., 2003; Christie et al., 2004; 
Christie et al., 2006; Ireland et al., 2012; Ireland et al., 2013), so results are not directly 
comparable. The premises in Sweden with sufficiently serious cases of poor equine welfare for 
them to be judged unacceptable according to Swedish animal welfare legislation give a good 
guide as to where strategies to improve horse welfare can best be targeted. We briefly discuss 
this possibility taking hoof condition and social contact as examples.  
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Figure 1. Significant interactions from multivariable logistic regression models of factors 
associated with non-compliance with animal-based outcomes, presented as marginal effects 
(average probabilities at each level of the variable) with 95% confidence intervals, adjusted 
for clustering on premises, based on official animal welfare inspections of horse premises in 
Sweden, 2010-2013. Interactions are presented as follows, (a) Hoof condition - interaction 
between stabling and shelter, and inspection type (complaint, p=0.003; monitoring, p=0.014); 
(b) Body condition - interaction between stabling and shelter, and documentation (p=0.005); 
(c) Cleanliness - interaction between stabling and shelter, and inspection type (complaint, 
p=0.011); (d) Aggregate - interaction between stabling and shelter, and documentation 
(p=0.004). 
 
Poor hoof condition was identified as the most common indicator of poor equine welfare in this 
study, yet it is a problem that, in most cases, can be prevented. Resource- and management-
based factors associated with an increased risk of this included a lack of knowledge of the 
personnel caring for the horse, inappropriate or dangerous pasture, exercise areas and/or 
stabling and shelter, inadequate documentation and ‘supervision, care and feeding’ (component 
2) from the PCA. Together these imply that a strategy aimed at raising awareness of the 
importance of hoof care among horse owners, and especially targeted towards premises where 
several different animal related activities are conducted, may be a useful way forward. Progress 
following such an educational intervention could be monitored based on regular analyses of the 
same official animal welfare inspection database that was used for this study. Similarly, 
targeting the resource- and management-based factors associated with the other three animal-
based measures of poor equine welfare would help identify the best strategies for addressing 
those particular welfare problems. For example, deficiencies in exercise or turn out and 
inappropriate pasture were the resource- and management-based factors associated with non-
compliance related to social contact. In combination with an association found for those 
premises having fewer horses and conducting fewer animal-related activities, this finding 
implies that the problem may not be due to a lack of knowledge and supervision (which was 
16 
 
 
 
common to the welfare problems associated with hoof condition, body condition and 
cleanliness) but a lack of opportunities for the owner to satisfy this requirement for social 
contact for their horse. The finding that lack of social contact correlated less strongly with hoof 
condition, body condition and cleanliness, than these three welfare problems correlated with 
each other, further supports a different underlying cause for non-compliance related to social 
contact for horses. The findings from this analysis lead us to suggest strategies aimed at 
reducing welfare issues overall should focus on education regarding equine care, nutrition, and 
hygiene targeted at horse industry personnel. The findings also suggest that design factors 
(including stabling, shelter, pasture, exercise areas, fencing etc) required by legislation are 
better considered prior to building new facilities, and highlights the importance of not warning 
personnel at a premises of an impending inspection. Prevalence of non-compliance with these 
animal-based measures can provide us with a baseline and, over time, allow for benchmarking 
of trends for assessing the consequences of targeted interventions aimed at improving equine 
welfare. 
 
This study also provides important information for improving animal welfare surveillance. For 
example, inspections were conducted at less than 30% of premises reporting to the Swedish 
Board of Agriculture that they have horses, and at only 11% of premises in Sweden estimated 
to keep horses in a 2010 survey (Swedish Board of Agriculture, 2011), which is likely 
insufficient for a well-functioning welfare surveillance system. The prevalence figures were 
based on a random sample of registered premises. However, it cannot be ruled out that 
differences between registered and non-registered premises may have caused bias when 
drawing inference to all Swedish premises. We should therefore be cautious interpreting the 
estimated figures. With continued updating and growth of the database, the prevalence figures 
should become increasingly reliable. There was also a high proportion of inspections with 
missing values, particularly for breeding, documentation and the components from the PCA, 
and results were more likely to be missing for resource- or management-based CPs (range 18-
89% missing) compared to the animal-based CPs (12-20% missing). For JV to improve the 
quality of the database for future analyses, completeness of assessments should be encouraged, 
or the inspection checklist reduced to CPs that are key for the prediction of poor welfare. The 
models did confirm that the current animal welfare control system is effectively monitoring 
premises that are known to have a history of non-compliance. Knowledge of the compliance 
history of premises is valuable and could be used to further enhance the selection of premises 
for risk-based animal welfare inspections. Targeting strategies at these high-risk premises could 
significantly reduce welfare problems in Sweden, although there would still need to be random 
inspections to monitor the prevalence. The scope of this study did not include validation of the 
database, however two counties (Jämtland and Gotland) conducted internal verification of 
animal welfare inspections by performing parallel inspections on a random selection and found 
that there was a need for standardisation of processes, particularly those related to case 
management (Jämtlands County Administrative Board, 2013; Joel, 2015). Further, because 
only four animal-based measures were included in the assessments, there is a need for inclusion 
of more animal-based measures as CPs (e.g. injury, disease, stereotypies) in animal welfare 
inspections to provide a more comprehensive overview of equine welfare (EFSA Panel on 
Animal Health and Welfare (AHAW), 2012; Dalla Costa et al., 2014; Viksten et al., 2016). 
Finally, it is recommended that in future revisions of the checklists, each CP be revised so that 
it is worded clearly as an outcome (i.e. animal-based measure) or an input (i.e. resource- or 
management-based measure). 
 
This study confirms the value of the official animal welfare inspection database and its potential 
for use in an equine welfare surveillance system, although it also identifies areas for 
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improvement. The official animal welfare inspection database will allow on-going analyses and 
benchmarking of trends, and will be particularly useful in a risk-based animal welfare 
surveillance system, especially if combined with other databases containing information on, for 
example, injury and disease. This database can be used as a source of information about current 
welfare problems and risks for future problems, and serve as inspiration for future standardised 
and harmonised data collection, nationally and internationally. The novel approach using 
epidemiological methodology is applicable to data involving other animal species or from other 
countries, provided both input and outcome measures are available. We anticipate that this 
novel approach will inform current animal welfare control systems and be an important basis 
for implementation of future animal welfare surveillance internationally.  
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Supplementary Table 1. Number and percentage (%) of inspections non-compliant with checkpoints or aggregate checkpoints, stratified by type of control, based 
on official animal welfare inspections of horse premises in Sweden, 2010-2013 
  Normal control, n (%)  Complaint, n (%)  Monitoring, n (%)  Application, n (%)  
CP Measure Directed Risk Random  Unwarranted 
Veterinarian,  
general public,  
other 
 Normal Notification 
 
Normala Full cross-compliance Total 
Animal-based measures             
7 Hoof condition 37 (3.9) 69 (8.3) 35 (5.0)  57 (3.2) 823 (35.2)  82 (15.2) 302 (22.6)  24 (1.3) 4 (2.3) 1 433 (13.6) 
8 Body condition 32 (3.1) 42 (4.8) 21 (3.0)  107 (5.3) 726 (27.9)  47 (7.8) 319 (20.7)  29 (1.5) 3 (1.7) 1 326 (11.6) 
9 Horse cleanliness 6 (0.6) 11 (1.3) 2 (0.3)  8 (0.4) 141 (5.5)  15 (2.5) 98 (6.4)  7 (0.4) 0 (0.0) 288 (2.6)       
11 Social contact 23 (2.3) 29 (3.3) 17 (2.3)  70 (3.4) 309 (11.8)  24 (3.6) 98 (6.2)  4 (0.2) 3 (1.7) 577 (4.9)       
Resource-, and management-based measures           
1, 13 Documentation 112 (16.3) 106 (19.8) 63 (10.8)  73 (15.8) 281 (45.3)  77 (28.1) 210 (51.9)  186 (12.5) 31 (18.6) 1 139 (21.6)       
39, 40, 41 Breeding 159 (71.3) 118 (55.4) 142 (68.6)  132 (59.7) 154 (56.6)  75 (60.5) 110 (58.2)  594 (69.5) 52 (70.3) 1 539 (64.6) 
21, 32, 33, 36 Stabling and shelter 75 (8.4) 113 (13.2) 46 (6.3)  94 (6.3) 951 (46.0)  129 (19.5) 478 (33.8)  132 (6.5) 14 (8.3) 2 032 (19.7) 
4, 5, 12, 29 Supervision, care and feeding 28 (2.9) 53 (6.0) 17 (2.3)  24 (1.2) 793 (31.4)  67 (10.4) 324 (21.4)  37 (1.8) 0 (0.0)  1 343 (11.7) 
18, 22, 23, 26 Facility design 279 (29.4) 320 (37.5) 209 (28.5)  165 (13.1) 900 (51.2)  272 (34.3) 574 (43.6)  874 (42.6) 37 (21.4) 3 630 (36.7) 
a New, or compliance with permit under §16 of the Animal Welfare Act. 
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Supplementary Table 2. Univariable analysis of premises and inspection characteristics associated with non-compliance against animal-based outcomes, 
adjusted for clustering on premises and stratified by the four animal-based checkpoints, based on official animal welfare inspections of horse premises in Sweden, 
2010-2013 
Variable 
Hoof condition  Body condition  Cleanliness  Social contact  Aggregate animal-based 
OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value 
Resource- and management-based factors 
Documentation 6.23 (4.92, 7.89) <0.001  6.25 (4.88, 8.01) <0.001  4.78 (2.97, 7.69) <0.001  2.16 (1.45, 3.22) <0.001  5.36 (4.47, 6.42)    <0.001 
Breeding 0.78 (0.55, 1.11) 0.164  0.86 (0.59, 1.24) 0.405  1.21 (0.52, 2.78) 0.656  0.18 (0.07, 0.46) <0.001  0.83 (0.64, 1.09) 0.179 
Components               
Stabling and shelter 5.03 (4.31, 5.87) <0.001  4.25 (3.62, 4.98) <0.001  14.94 (10.81,20.64) <0.001  1.54 (1.20, 1.96) 0.001  4.24 (3.75, 4.78) <0.001 
Supervision, care, feeding 10.32 (8.88, 11.99) <0.001  26.85 (22.93,31.44) <0.001  12.35 (9.32, 16.36) <0.001  1.97 (1.54, 2.52) <0.001  19.62 (16.91, 22.78) <0.001 
Facility design 2.00 (1.71, 2.34) <0.001  2.09 (1.76, 2.50) <0.001  3.90 (2.86, 5.33) <0.001  1.06 (0.83, 1.34) 0.657  1.79 (1.59, 2.02) <0.001 
Control points (#)               
Personnel (3) 15.80 (12.78, 19.53) <0.001  13.87 (11.17,17.21) <0.001  21.19 (15.25,29.46) <0.001  2.75 (1.97, 3.85) <0.001  20.65 (16.57, 25.75) <0.001 
Automated system (6) 6.47 (2.23, 18.79) 0.001  12.44 (4.23, 36.57) <0.001  28.27 (9.46, 84.48) <0.001  5.20 (1.27, 21.20) 0.022       10.49 (4.08, 26.94) <0.001 
Electric shock (10) 1.73 (0.72, 4.14) 0.217       1.39 (0.55, 3.55) 0.488       6.08 (2.36, 15.69) <0.001  1.08 (0.26, 4.52) 0.911       1.81 (0.94, 3.48) 0.074      
Space (14) 2.59 (2.09, 3.22) <0.001  2.03 (1.58, 2.59) <0.001  3.87 (2.68, 5.60) <0.001  1.18 (0.82, 1.69) 0.366       2.18 (1.84, 2.60) <0.001 
Ceiling height (15) 1.93 (1.57, 2.38) <0.001  1.82 (1.44, 2.29) <0.001  2.32 (1.55, 3.47) <0.001  1.95 (1.44, 2.63) <0.001  1.90 (1.61, 2.23) <0.001 
Tethering (16) 2.59 (1.73, 3.88) <0.001  1.90 (1.20, 3.01) 0.007       8.88 (5.23, 15.08) <0.001  4.52 (2.88, 7.08) <0.001  3.52 (2.61, 4.76) <0.001 
Harmful objects (17) 3.61 (3.05, 4.27) <0.001  2.47 (2.05, 2.97) <0.001  3.70 (2.63, 5.19) <0.001  1.50 (1.15, 1.96) 0.003       2.73 (2.38, 3.12) <0.001 
Floor surface (19) 2.12 (1.49, 3.03) <0.001  3.13 (2.24, 4.37) <0.001  4.69 (2.98, 7.39) <0.001  2.38 (1.57, 3.62) <0.001  2.72 (2.10, 3.52) <0.001 
Equipment (20) 19.73 (11.27, 34.54) <0.001  22.49 (13.19,38.34) <0.001  32.68 (15.99,66.79) <0.001  7.59 (3.31, 17.41) <0.001  17.52 (10.47, 29.30) <0.001 
Lighting (25) 5.65 (3.42, 9.34) <0.001  9.26 (5.43, 15.77) <0.001  9.74 (4.25, 22.34) <0.001  4.48 (1.80, 11.14) 0.001  6.28 (3.92, 10.08) <0.001 
Feed/water system (28) 7.85 (5.62, 10.96) <0.001  9.42 (6.74, 13.17) <0.001  11.96 (7.79, 18.35) <0.001  0.68 (0.27, 1.70) 0.405       6.38 (4.72, 8.64) <0.001 
Quality water (30) 9.39 (7.26, 12.16) <0.001  8.79 (6.88, 11.25) <0.001  9.39 (6.48, 13.59) <0.001  1.70 (1.02, 2.81) 0.040       7.76 (6.10, 9.89) <0.001 
Stable hygiene (31) 7.79 (6.35, 9.55) <0.001  7.69 (6.27, 9.42) <0.001  25.09 (18.00,34.98) <0.001  2.23 (1.56, 3.19) <0.001  8.59 (7.22, 10.23) <0.001 
Exercise (34) 2.48 (1.92, 3.20) <0.001  2.71 (2.08, 3.52) <0.001  9.86 (7.07, 13.74) <0.001  4.84 (3.58, 6.55) <0.001  3.29 (2.68, 4.034) <0.001 
Pasture (35) 4.39 (3.77, 5.12) <0.001  3.01 (2.58, 3.52) <0.001  6.59 (4.97, 8.74) <0.001  2.74 (2.19, 3.42) <0.001  3.68 (3.27, 4.15) <0.001 
Inspection factors               
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Variable 
Hoof condition  Body condition  Cleanliness  Social contact  Aggregate animal-based 
OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value 
Control type               
 normal Ref   Ref   Ref   Ref   Ref  
 notification 4.64 (3.82, 5.65) <0.001  5.78 (4.60, 7.27) <0.001  4.42 (2.73, 7.16) <0.001  3.26 (2.50, 4.24) <0.001  4.76 (4.11, 5.51) <0.001 
 monitoring 4.39 (3.54, 5.44) <0.001  5.46 (4.25, 7.01) <0.001  7.33 (4.34, 12.38) <0.001  2.10 (1.53, 2.89) <0.001  3.91 (3.31, 4.61) <0.001 
 application 0.23 (0.15, 0.36) <0.001  0.42 (0.27, 0.63) <0.001  0.44 (0.17, 1.15) 0.093  0.12 (0.05, 0.26) <0.001  0.26 (0.19, 0.34) <0.001 
Refused inspection 7.90 (2.28, 27.44) 0.001  3.64 (0.94, 14.10) 0.062  6.34 (0.78, 51.56) 0.084      7.88 (1.57, 39.42) 0.012  5.76 (1.62, 20.50) 0.007      
Not notified of inspection 4.06 (3.43, 4.80) <0.001  2.75 (2.34, 3.23) <0.001  3.47 (2.36, 5.10) <0.001  3.62 (2.82, 4.64) <0.001  3.63 (3.23, 4.09) <0.001 
Checklist change               
<2010/08/17 Ref   Ref   Ref   Ref   Ref  
2010/08/17 to 
18/1/2012 0.59 (0.50, 0.70) <0.001  0.66 (0.54, 0.82) <0.001  0.75 (0.52, 1.08) 0.121       0.65 (0.50, 0.84) 0.001  0.63 (0.55, 0.72) <0.001 
≥19/1/2012 0.63 (0.53, 0.74) <0.001  1.06 (0.87, 1.28) 0.582       0.81 (0.57, 1.14) 0.225       0.59 (0.46, 0.77) <0.001  0.75 (0.65, 0.86) <0.001 
Year               
 2010 
Ref   Ref   Ref   Ref   Ref  
 2011 
0.74 (0.63, 0.87) <0.001  0.66 (0.54, 0.81) <0.001  0.94 (0.67, 1.32) 0.742  0.77 (0.61, 0.98) 0.035  0.72 (0.64, 0.82) <0.001 
 2012 
0.70 (0.59, 0.84) <0.001  1.15 (0.96, 1.38) 0.135  1.11 (0.77, 1.58) 0.583  0.68 (0.52, 0.89) 0.005  0.82 (0.71, 0.93) 0.003 
 2013 
0.78 (0.65, 0.93) 0.006  1.04 (0.85, 1.26) 0.719  0.88 (0.60, 1.27) 0.487  0.71 (0.54, 0.92) 0.010  0.87 (0.76, 1.01) 0.060 
 p for trend 
0.93 (0.87, 0.99) 0.016       1.09 (1.02, 1.16) 0.011  0.99 (0.88, 1.11) 0.799  0.89 (0.81, 0.97)        0.011  0.98 (0.93, 1.03) 0.471 
Season               
Autumn Ref   Ref   Ref   Ref   Ref  
Winter 1.21 (1.01, 1.45) 0.042       0.79 (0.66, 0.96) 0.016       2.31 (1.66, 3.21) <0.001  1.15 (0.90, 1.48) 0.266       1.05 (0.92, 1.20) 0.438     
Spring 1.78 (1.50, 2.11) <0.001  1.31 (1.10, 1.55) 0.002  1.74 (1.23, 2.47) 0.002      1.23 (0.96, 1.57) 0.100       1.51 (1.34, 1.71) <0.001 
Summer 2.65 (2.23, 3.16) <0.001  1.53 (1.29, 1.82) <0.001  0.68 (0.39, 1.16) 0.158  1.52 (1.18, 1.97) 0.001       1.88 (1.66, 2.14) <0.001 
Site factors               
Location                
North Sweden  Ref   Ref   Ref   Ref   Ref  
Bergslagen 1.48 (1.11, 1.98) 0.008       1.87 (1.38, 2.53) <0.001  1.06 (0.60, 1.87) 0.832       1.05 (0.72, 1.53) 0.816       1.43 (1.15, 1.77) 0.001      
Mälardalen 1.56 (1.17, 2.07) 0.002        2.30 (1.70, 3.11) <0.001  1.80 (1.05, 3.08) 0.032       0.53 (0.35, 0.80) 0.003       1.28 (1.03, 1.59) 0.026      
South Götaland 1.53 (1.15, 2.04) 0.004       1.96 (1.46, 2.64) <0.001  1.82 (1.04, 3.19) 0.036      1.06 (0.71, 1.58) 0.769       1.37 (1.10, 1.69) 0.004     
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Variable 
Hoof condition  Body condition  Cleanliness  Social contact  Aggregate animal-based 
OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value  OR (95% CI) p-value 
West Götaland 1.10 (0.84, 1.44) 0.486       1.43 (1.08, 1.90) 0.165       1.51 (0.88, 2.59) 0.132       0.71 (0.65, 1.40) 0.068  0.98 (0.80, 1.19) 0.814      
East Götaland 1.39 (1.04, 1.86) 0.025       1.26 (0.92, 1.73) 0.173       1.17 (0.63, 2.17) 0.620       0.95 (0.65, 1.40) 0.810       1.17 (0.94, 1.46) 0.169      
Human popn density (/km2/100) 1.09 (0.98, 1.22) 0.104  1.08 (0.98, 1.19) 0.131  1.20 (1.01, 1.41) 0.034  0.81 (0.68, 0.97) 0.023  0.95 (0.87, 1.03) 0.245 
Horses popn (/100) 1.02 (0.98, 1.05) 0.385  1.02 (0.99, 1.06) 0.131  1.02 (0.96, 1.08) 0.488  1.06 (1.02, 1.10) 0.002  1.03 (1.01, 1.06) 0.002 
Horse popn density (/km2) 1.05 (1.00, 1.09) 0.035  1.06 (1.02, 1.10) 0.005  1.11 (1.03, 1.19) 0.004  0.96 (0.90, 1.02) 0.194  1.00 (0.97, 1.04) 0.853 
Number of horses on site 0.98 (0.96, 0.99) 0.001  0.99 (0.97, 1.00) 0.139  1.00 (0.99, 1.01) 0.905       0.69 (0.57, 0.84) <0.001  0.97 (0.96, 0.99) <0.001 
Number of animal species 1.12 (1.07, 1.18) <0.001  1.06 (1.00, 1.11) 0.036     1.19 (1.11, 1.28) <0.001  0.97 (0.90, 1.04) 0.392       1.09 (1.05, 1.13) <0.001 
Number of activities 1.15 (1.04, 1.27) 0.005  0.99 (0.90, 1.09) 0.861        1.23 (1.06, 1.42) 0.006       0.89 (0.77, 1.03) 0.114       1.07 (0.99, 1.15) 0.099      
Animals prohibited 3.65 (2.40, 5.55)  <0.001  3.44 (2.26, 5.23) <0.001  6.24 (3.37, 11.54)  <0.001  1.69 (0.87, 3.29) 0.121  3.64 (2.56, 5.17)  <0.001 
Permit expired 2.14 (0.34, 13.58) 0.421       1.09 (0.10, 12.16) 0.943  pfp   7.73 (0.48,123.90) 0.148  2.62 (0.70, 9.83) 0.154 
Activities               
Stud 0.75 (0.39, 1.47) 0.402  0.57 (0.17, 1.88) 0.353  0.77 (0.19, 3.07) 0.711  0.56 (0.26, 1.18) 0.129  0.56 (0.26, 1.18) 0.129 
Grazing 0.99 (0.33, 2.94) 0.979       0.76 (0.21, 2.73) 0.678       1.23 (0.16, 9.73) 0.843       1.01 (0.39, 2.57) 0.991  1.01 (0.39, 2.57) 0.991 
Transport 0.86 (0.39, 1.91) 0.716       0.98 (0.45, 2.17) 0.967  1.06 (0.46, 2.46) 0.890       0.88 (0.24, 3.22) 0.841  0.84 (0.38, 1.86) 0.670 
Poultry keeping 1.63 (1.25, 2.13)  <0.001  1.23 (0.92, 1.65) 0.163  1.34 (0.80, 2.25) 0.265       1.27 (0.86, 1.88) 0.230  1.43 (1.17, 1.76) 0.001 
Egg production 1.98 (0.63, 6.16) 0.240       0.45 (0.06, 3.53) 0.446  pfp   1.64 (0.67, 4.01) 0.281  1.64 (0.67, 4.01) 0.281    
Professional establishment 0.20 (0.15, 0.26) <0.001  0.30 (0.23, 0.38) <0.001  0.31 (0.20, 0.50 ) <0.001  0.04 (0.02, 0.09) <0.001  0.20 (0.16, 0.24) <0.001 
Keeps hobby horses 1.92 (1.59, 2.32)  <0.001  1.84 (1.51, 2.25)  <0.001  1.18 (0.82, 1.71) 0.367       2.66 (1.95, 3.63)  <0.001  2.20 (1.89, 2.56)  <0.001 
Meat production 1.10 (0.92, 1.31) 0.310        0.59 (0.48, 0.73)  <0.001  1.01 (0.72, 1.41) 0.965        0.99 (0.77, 1.27) 0.942  0.91 (0.79, 1.04) 0.160 
Milk production 0.87 (0.59, 1.27) 0.471       0.21 (0.10, 0.44)  <0.001  0.86 (0.38, 1.94) 0.710       1.31 (0.79, 2.15) 0.290  0.77 (0.57, 1.03) 0.077 
Public exhibition 1.69 (0.61, 4.70) 0.314        pfp   pfp   0.80 (0.28, 2.23) 0.664  0.80 (0.28, 2.23) 0.664      
Pet/companion animal 1.69 (1.43, 1.99) <0.001  1.95 (1.64, 2.31) <0.001  2.21 (1.60, 3.04) <0.001  1.08 (0.85, 1.38) 0.527  1.72 (1.51, 1.96)  <0.001 
Wildlife reserve 1.78 (0.52, 6.08) 0.356       0.38 (0.05, 2.77) 0.341       6.08 (1.82, 20.29) 0.003  1.93 (0.54, 6.96) 0.314  1.35 (0.57, 3.20) 0.501 
dnc = did not converge; pfp = predicts failure perfectly. 
 
23 
 
 
Supplementary Table 3. Principal component analysis of resource and management-
based checkpoints, with orthogonal varimax rotation (N=9106), based on official animal 
welfare inspections of horse premises in Sweden, 2010-2013 
Control 
point Variable 
Component 1 Component 2 Component 3 
Stabling and 
shelter 
Supervision, 
care, feeding of 
horses 
Design of 
facilities 
21 shelter 0.343 -0.0746 -0.0515 
32 beddingarea 0.371 0.0398 -0.0828 
33 beddingquality 0.3825 0.0468 -0.1291 
36 outdoors 0.3812 -0.0864 -0.0414 
4 maintenance 0.0318 0.3089 0.0417 
5 supervision 0.0129 0.3523 0.0317 
12 sickanimals 0.1384 0.3375 0.0099 
27 noiselevels 0.0997 -0.4861 0.1361 
29 qualityfeed 0.0875 0.3348 0.059 
18 interiordesign 0.0077 -0.0583 0.3971 
22 emergency -0.1024 0.0009 0.4451 
23 airquality -0.0465 -0.064 0.4111 
26 naturallight -0.0498 0.0374 0.3627 
3 personnel 0.1695 0.1537 0.1174 
6 automatedsystem 0.0864 0.0962 -0.0341 
10 electricshock 0.1108 0.0313 0.0097 
14 space 0.2831 -0.1921 0.0358 
15 ceilingheight 0.1234 -0.1242 0.1477 
16 tethering 0.1474 -0.1626 0.0677 
17 harmfulobjects 0.0531 0.038 0.2707 
19 floorsurface 0.1081 -0.111 0.2424 
20 equipment 0.0747 0.2449 0.0506 
25 lighting -0.0568 0.2937 0.2337 
28 feedwatersystem 0.2132 0.0472 0.0839 
30 qualitywater 0.1987 0.0979 0.0795 
31 stablehygiene 0.2817 0.0761 0.023 
34 exercise 0.1573 -0.0409 0.1019 
35 pasture 0.1488 0.0207 0.1863 
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